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The  optimum  conditions  for  the  formation  of  interferon,  induced  by 
Croup  A  arboviruses  (VHE  ar.d  Sindbi  s  v«*r  issr-#  3  -i.n  ^x^vps  inised  chick 

eabsyo  fibroblast  cultures,  using  various  methods  of  cultivation  (  roller, 
suspension  and  monolayer  stationary  methods),  ’-ere  etuiiou.  vhe  viability 
and  concentration  of  ceils, (in  ter-s  of  1  cl  of  the  medium),  are  the  most 
important  factors  determining  the  level  of  interferon  production.  Multiplic- 
ity  of  inf«*;tion  is  important,  mainly  when  suspension  is  usea,  and  is  optim¬ 
ally  1-10  ITU. A  rise  in  the  incubation  temperature  brings  about  an  increase 
in  the  production  of  interferon,  induced  by  the  Sindbi3  virus. 


The  level  of  interferon  production  depends  on  a  number  of  fac tors, among 
which  the  type  of  the  inductor-virus,  the  type  of  cells  and  the  method  of  : 
cultivation  occupy  the  principal  place,  he  set  ourselves  the  task  of  develop¬ 
ing  a  simple  and  accessible  method  of  obtaining  L-rge  amounts  of  highly  act¬ 
ive  interferon. 

As  a  working  model  we  used  Croup  A  arboviruses  and  chick  embryo  fibro¬ 
blasts  (CEF),  because  previously  we  had  shown  that  the  viruses  of  this  group 
have  a  short  reproductive  cycle  (6-8  hours)  and  were  good  interferon-pro¬ 
ducing  agents,  and  CEF  cells  had  the  maximum  sensitivity  to  these  viruses  and 
were  very  simple  and  convenient  for  work  (References  2,5) 

Material  and  Methods 

As  inductors  we  used  Venezuelan  equine  encephalomyelitis  (VEE)  viruses 
and  the  Sindbis  virus  (SV),  which  underwent  a  series  of  passages  in  CEF  cul¬ 
tures.  As  a  rule,  the  vesicular  stomatitis  virus  (V.-V)  ar.d  the  VEE  viruses 
were  test  viruses. 


•ve  conducts  the  investigations  on  fibr; 
prepared  by  the  ordinary  method  (ueferer.ee  l). 


blasts  (Cm?) ,  which  we 


fpinner-Cul  tures 


“The  basic  details  of  the  cultivation  methods  are  3et  forth  at  length  in 
our  other  reports  (References  2,5,6).  In  this  study  \:o  also  aa.de  wide  use  of 
the  spinner  culture  method,  in  which  ve  mixed  the  cellular  suspension  with  a 
magnet  suspended,  on  a  chain  (  viz.  Figure) . 

*..'e  determined  the  interferon  activity  by  the  method  of  inhibiting  the 
plaque  formation  of  VE2  or  VSV  viruses  unaer  agar,  he  expressed  the  interfer¬ 
on  titer  in  I2^q/  ml. 

be  determined  the  infectious  activity  of  the  model  viruses  by  the  met*- 
hod  of  titration  by  plaques  urier  agar,  and  the  nonagglutinating  activity,  in 
accordance  with  the  principles  established  by  Clark  ar.d  Casals.  is?e  described 
both  methods  previously  (References  2,4) 


Results 

At  first  we  studied  the  accumulation  of  interferon  in  monolayer  stat¬ 
ionary,  roller  (  grown  in  revolving  vessels)  ar.d  suspension  (  grown  in  a 
freely  suspended  state)  cultures.  The  results  of  the  study  cade  of  the  activ¬ 
ity  of  interferon,  induced  by  the  Via  virus  under  various  conditions  of  cul¬ 
tivation  and  with  a  multiplicity  of  infection,  are  summarized  in  Table  1. 


As  is  seen  from  this  Table,  the  interferon  titers  in  roller  and  susp¬ 
ension  cultures  are  2-5-10  times  higher  than  the  titers  obtained  in 
monolayer  stationary  cultures.  In  the  CAF  cellular  suspension,  high  interf¬ 
eron  titers  (  up  to  40C0  IlcQ/nl)  are  revealed  when  the  cells  are  infected 
with  massive  virus  doses;  in  other  words,  in  the  suspension,  as  well  as  in 
the-  monolayer  stationary  cultures,  the  interferon  production  was  directly 
proportional  to  the  multiplicity  of  infection.  In  contrast  to  ether  methods 


of  cultivation,  in  the  roller  cultures  the  interferon 


reached  the 


maximum  value,  even  after  infection  with  limiting  virus  cultures.  After  24 
hours  of  incubation  the  interferon  titers  were  equally  high  when  infected  • 
with  both  a  large  and  a  small  multiplicity  of  infection.  -2- 


Table  1 


t.r«0  i'.U  1  tipiicity 


Effect  of  th-j  Method  of  Cultivation  ar.d 
of  Infection  on  Interferon  Production 
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Table  2  The  Production  of  Infectious  Virus,  hecugglutinins  and 
Interferon  in  a  Seller  Culture. 
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Table  4  Production  of  CnF  Interferon  at  Various  Tempezaturea 
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xhe  numerous  subsequent  experiments  servea  ns  a  sasis  ior  our  conclusion 
;hat ,  all  things  being  equal,  the  level  of  ir.tc-rieroa  production  is  deterain— 
id  mainly  by  the  condition  of  the  ceils  ana  tneir  viability,  m  fact,  if  we 
s us  up  the  results  of  the  same  types  of  expennev.vs  v  constant  multiplicity 
>f  infection,  the  sate  culture  medium,  netned  o-  cultivation,  e.t.c),  we  can 
jbserve  a  rather  clear  correlation  between  too  _evel  of  vims  production 
.infectious  and  henagglutinnling  activity)  ar.o  inter: oron  production  (Table  2) 
?his  Qattem  is  especially  well  expressed  men  roner  cultures  are  used. 

•hen  the  cells  are  grown  and  the  viruses  arc  cultivated  m  suspension,  the 
relationships  among  the  various  indicators  of  ceiiu_ar  culture  productivity 
k virus  productivity,  interferon  titers;  is  not  so  obvious  (fable  3). 


J 


To  obtain  maximally  active  inter:’,  re 
apply,  for  suspension  cultures,  tire-  .  ■-.r.-m.o 
er.ee  ?}  with  regard  to  the  Sin-ibis  virus: 
cells  with  a  multiplicity  of  infection  a.' 
perature  of  39°  • 


■  ,  .>  c  u  v  " 0  i  .  o 

.  —  •  .  -  sj  *  arcus  ^Rcfcr* 

-  ■  --  j.u  t  P  “  n  a  ay  3  y 

v/tu..  incubation  tem- 


Tfce  first  breeding  position, in.  the  case  cf  .. -a.;, 
aovisablo,  because  a  sonsiaorable  part  of  the  cculslar 
inr  such  prolonged  nixing,  For  example,  the  interf^ro. 
3G00  IECq/ei1  when  the  cells  were  infected  v. it.. cut  ^rc-1 

1000  IS^q/oI  during  a  45  hour  preliminary  intubation, 


tc<i  cuitures,  as  rot 
copulation  uies  dur- 
titor  was  equal  to 
-inary  incubation, 

si  350  Iir„/nl  during 


a  preliminary  5  day  monolayer  cellular  cultivation.  These  data  clearly  demon¬ 


strate  the  reduction  in  interferon  titers  in  "old"  suspended  cultures. 


The  results  of  the  investigations  showed  that,  when  the  incubation  tem¬ 
perature  rises,  an  increase  in  interferon  production  is  actually  observed. 

For  example,  at  39°  and  higher,  the  interferon  titers,  after  24  hours,  const¬ 
antly  reached  1600  IE^q/bI,  whereas  on  incubation  with  the  thermostat  at  37°, 
the  production  of  interferon  per  1  ml  of  rtoavd  medium  did  not  exceed  400 
IJzq/zI.  Here,  however,  we  must  stress  that  this  statement  is  correct  only 
with  regard  to  the  Sindbis  virus,  and  when  the  Vhu  virus  is  used,  interferon 
production  progressively  declines  as  the  temperature  rises  (Table  4).  This 
result,  obtained  when  viruses  of  one  group  are  used,  show  the  great  individ¬ 
ual  differences  in  the  interfe  on-inducing  capacity  of  viruses. 


Discussion 

“•hen  selecting  the  object  of  the  investigation  and  the  conditions  that 
can  affect  the  level  of  interferon  production,  we  proceeded  from  the  assump¬ 
tion  that  cell  concentration  (  in  terms  of  1  ml  of  the  medium)  and  viability 
and  the  rate  of  virus  reprouuction  and  interferon  production  play  the  most 
important  part  in  this  process.  In  summing  up  the  abovc-atateu  data,  it  seems 
appropriate  to  determine  certain  optimum  cultivation  conditions  necessary 
for  ensuring  the  production  of  hig.ly  active  interferon. 

Special  attention  should  be  given  to  preserving  a  high  viability  of  the 
cells  in  the  condition  of  their  considerable  concentration  {  3  x  10®  -  6  x  10^ 
cells/ ml).  This  can  be  attained  by  the  use  of  roller  and  suspension  cultivat¬ 
ion  methods,  which  are  efficient  and  require  small  expenditures  cf  material 
and  the  work  time.  This  study  has  established  that  these  methods  are  very 
convenient  for  the  production  of  considerable  amounts  of  interferon. 

The  multiplicity  of  infection  it  mainly  important  when  suspension  cult¬ 
ures  are  used.  At  the  same  time,  its  optimum  values  vary  in  the  limits  1-10 
PFj/cell.  The  optimum  cultivation  temperature  is  a  factor  requiring  an  exper¬ 
imental  check  for  every  virus  used.  For  example,  the  optimum  temperature 


’a~‘V  wrfr*  birdois  virus  is  used  us  r.n  interferon  inductor,  is  39  -  43° 
anchor ^  5?  .  i’fce  use  of  a  non-seruu  cedin  is  preferable,  nrichaent  of  * 
&  «if*  lactalfciain  hydrolysate  (  0.1,-  of  the  dry  reparation) 

-a.<03  it  possiole  to  increase  interferon  production  2  to  4  tines,  rhe  tiae 
recommended  for  collecting  the  interferon-containing  culture  liquid  is  24 

.  As  ^0vm,iQ  *hia  studY»  ttu  conditions  presented  are  optical  for  ensar- 
a  a  socd  Production  of  inter! eron  induced  by  A  group  arboviruses. 
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